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Geology 
INTRODUCTION 
Location of the Area 
This investigation covers an area of 24 square miles 
in the vicinity of Bala, Riley County, Kansas. The Riley- 
Clay county line is the western boundary and U. S. Highway 
24 is the northern boundary. The area is six miles north- 
south and four miles east-west being rectangular in shape. 
It extends into both townships eight and nine south and 
ranges four and five east (Plate I). 
Geologic Setting 
The area of interest lies within a subdivision of 
the Central Lowlands physiographic province named the 
Flint Hills Upland, located on the crest of the Abilene 
anticline. In general the Flint Hills are best described 
as "series of prominent cuesta scarps and dip slopes de- 
veloped on resistant cherty limestone of early Permian 
age", primarily Wreford, Florence, Fort Riley, and Herington 
(Frye and Leonard, 1952). The east face of the upland con- 
sists of a series of stratigraphically controlled benches, 
and the western edge of the upland in most places is a rela- 
tively smooth series of dip slopes. The topography consti- 
tutes semi-rounded hills, well developed drainage and stream 
valleys which are filled with recent alluvium and terrace 
deposits. Quaternary sediments cover much of the upland 
EXPLANATION OF PLATE I 
A map of Riley County, Kansas, showing 
the area covered by this investigation. 
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areas. The main structural feature in the problem area 
is the Abilene anticline. To the west of the area is the 
Salina basin and to the east of the area are the Irving 
syncline and the Nemaha anticline (Jewett, 1951). 
Purpose of the Investigation 
Much of the Kansas geological literature has described 
the Abilene anticline as a subsurface ridge paralleling the 
Nemaha anticline. The Abilene anticline trends northeasterly 
through Clay, Riley and Marshall counties in Kansas. The 
northern extension of the Abilene anticline is referred to 
as the Barneston anticline beginning in central Marshall 
county and extending across the Kansas-Nebraska line. The 
possible subsurface reflection of the Abilene anticline on 
the surface has been inferred and described briefly by Jewett 
(1951), Lee (1956), Merryman (1957), Nelson (1952), Neff 
51949i, and others. The purpose of this investigation is to 
determine if the surface expression of the Abilene anticline 
is evident in the problem area. 
MAPPING PROCEDURE 
Field work was started in the summer of 1957 and was 
completed in the late fall of 1957. A thorough investiga- 
tion was made of the problem area and adjacent areas to 
obtain information concerning the surface expression of 
the anticline. Formations were identified, sections measured. 
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Dip and strikes of the formations were taken with the plane 
table and alidade and supplemented by the Brunton Compass. 
Elevations and the structural profile of the area were made 
with the plane table and alidade and checked with the altim- 
eter. A base line between U.S.G.S. bench marks on the northern 
and southern boundaries was established through the central 
part of the area. All elevations were accurately made in 
reference to the base line and bench marks. Beck (1949) and 
Mudge (1949) mapped the geology of Riley County. Their (Beck 
and Mudge) map supplemented by aerial photographs served as 
a base map to determine the geology of the area in question. 
The map compiled for this thesis has a smaller area, more de- 
tail and a larger scale than that compiled by Beck and Mudge. 
The stratigraphic formations, as identified in the field, 
were traced on the thesis map from the aerial photographs. The 
scale of the aerial photographs was enlarged, from three and 
two-tenths inches to the mile to four inches to the mile, with 
a sketchmaster. This scale was considered sufficiently large 
to depict adequately the local structure of the area, yet small 
enough to make the map easy to handle. The contour interval 
of ten feet was selected to show adequately the local structure 
of the formations within the area. The geologic cross-section 
was constructed with a vertical exaggeration of 66. 
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GEOLOGIC HISTORY 
The geologic history of Riley County has been taken 
from the papers by Jewett (1951), Lee (1956), Lee, ets al. 
(1948), and Nelson (1952) with the larger part from Leers 
investigations. By the use of isopachous maps, Lee determined 
the structural deformation of Kansas. From this work he bas 
developed an idea that: 
If a formation of uniform character were 
deposited upon a perfectly flat surface and 
subsequently folded and exposed to erosion for 
a period long enough to be reduced to a perfect 
peneplain, the rocks would be thin on anticlines 
and thick in the synclines, and the thickness of 
the formation as expressed by an isopachous map 
would reflect clearly the amount and location of 
all structural movements. 
Deformational forces have affected the rocks in the 
problem area and ajacent areas in different ways. These 
forces have greatly modified the original attitude of all 
the rocks and have expressed themselves from time to time 
in structural domes and basins, in synclines and anticlines, 
and in faults and regional tilting. At times, the strata 
were deformed almost as soon as deposited. 
Paleozoic Era 
The Paleozoic was an era of deposition, folding, and 
faulting in Riley County. Periods of erosion occurred 
throughout the Paleozoic era, with major intervals occurring 
during Early Cambrian, Late Ordovician and Late Mississippian 
time. The most prominent erosional breaks in the Paleozoic 
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are reversaled in the Arbuckle limestone and the Mississippian 
"chat". Three major periods of folding occurred during the 
Paleozoic era. The first period of folding occurred between 
Upper Cambrian and Lower Ordovician just before the deposi- 
tion of the St. Peter sandstone. Another period of folding 
extended from Lower Ordovician to the base of the Mississip- 
pian limestone and possibly continued through Kinderhookian 
time. The third period began in early Mississippian and 
continued through Pennsylvanian and Permian time. The 
greatest amount of folding and faulting occurred during 
t Mississippian and pre-Desmoinesian time, Subsurface 
faulting of the Nemaha anticline has been mapped by Koons 
(1955). complete determination of the structural form. 
tng element of the Abilene anticline is restricted by in 
adequate subsurface information. 
oic Era 
The Aesoaoic was an era of erosion and regional til 
ing The Mesozoic rooks are unknown in northeastern Kansas, 
'though there could have beesa a time of deposition and later 
removal by erosion. In the extreme northwestern portion of 
Riley County, rooks belonging to the Dakota (Cretaceous) 
formation outcrop locally. 
Cenozoic Era 
Erosion and deposition ecurred io Riley County during 
the Cenozo The sediments younger than Permian were 
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stripped away by the Tertiary erosion except for a few out- 
liers of Dakota formation in the northwestern part of Riley 
County, The Quaternary is known as the period of glaciation 
and deposition. The two stages of Pleistocene glaciation to 
reach Kansas were the Nebraskan and the Kansan. The Kansan 
extended south to the Kansas River and west to the Big Blue 
River. The Sanborn formation, which is widely distributed 
on the divides, was laid down during the latter part of the 
Pleistocene epoch (Frye and Leonard, 1952). The glacial 
sediments in Riley County were deposited by the melt-waters 
draining from the glaciers. The terrace and alluvium de- 
posits flanking the valley floors are the result of extensive 
stream activity since the close of the Pleistocene epoch. 
STRATIGRAPHY 
The stratigraphic units that outcrop in the area of 
investigation are of sedimentary and igneous origin and 
range in age from Permian to Quaternary (Plate II). The 
Barneston limestone, outcropping along the southwestern edge 
of the problem area, represents the oldest Paleozoic forma - 
tion while the upland divides are covered with Quaternary 
sediments consisting of glacial materials and recent alluvium. 
The igneous intrusion, locally outcropping in the NW* W Sec. 
6, T. 9 S., R. 5 E., is believed to be of late Cretaceous age. 
EXPLANATION OF PLATE II 
Generalized stratigraphic column of 
southwest Riley County, Kansas. 
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Permian System 
The Permian system includes, in ascending order, the 
Wolfcampian, Leonardigni and Guadalupian series. Only the 
upper part of the Wolfcampian series is represented in the 
problem area. The Wolfcampian series includes, in ascending 
order, the Admire, Council Grove, and Chase groups. 
Chase Group. The Chase group, the upper group of the 
Wolfcampian series, was named from exposures in Chase County 
by Prosser (1902). Flint bearing limestones are character- 
istic of the lower and middle portions of this group. The 
lower boundary of the Chase group is the Threemile limestone 
member of the Wreford limestone formation. The upper boundary 
is the Herington limestone member of the Nolans limestone 
formation. Moore, et al. (1944) defined the Chase group to 
include the Wreford limestone, Hatfield shale, Barneston 
limestone, Doyle shale, Winfield limestone, Odell shale, and 
the Nolans limestone formations. The formations of the Chase 
group investigated for this report are the Barneston lime- 
stone through the Nolans limestone. 
Barneston Limestone Formation. The Barneston lime- 
stone was named by Condra and Upp (1931) from exposures 
outcropping in the bluffs, west and southwest of Barneston, 
Gage County, Kansas. The Barneston limestone includes the 
following members in ascending order: the Florence limestone, 
the Oketo shale and the Fort Riley limestone. The Florence 
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did not outcrop and only a portion of the Oketo shale out- 
cropped in the area under investigation. 
Oketo Shale Member. The Oketo shale was named by Moore, 
et al. (1936) from exposures near Oketo, Marshall County, 
Kansas. Prosser (1902) included this shale as part of the 
Fort Riley limestone. The Oketo is composed of two shales 
which are separated by a layer of limestone. The shales are 
tan to blue-gray, silty, clayey-calcareous and are thin bedded 
in structure. The calcareous zones are in the upper area 
directly under the overlying Fort Riley limestone. Lateral 
variations could not be determined since the shale was ob- 
served in only one area. Fossils identified in the Oketo 
shale are the following: Brachiopods, Dictyoclostus, Composita, 
Meekella, Derbyia; Bryozoans, Fenestrellina, Polypora, Rhom- 
bopora; crinoid columnals; Gastropods, Bellerophon; Pelecypods, 
Aviculopecten, Myalina. The thickness of the Oketo shale is 
five to seven feet. 
Fort Riley Limestone Member. The Fort Riley limestone 
was named by Swallow (1866) from the exposures near Fort Riley, 
Geary County, Kansas. The Fort Riley limestone overlies the 
Oketo shale and underlies the Holmesville shale. The principal 
outcrops in the problem area are located in sections 11 and 12 
of T. 9 S., R. 5 E. along stream cuts. The limestone consists 
of thin bedded to blocky limestone in the upper part with thin 
shale partings. A massive ledge of limestone known as the "rim 
rock" is present near the base. This limestone ledge is very 
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resistant to weathering and erosion. The Fort Riley limestone 
ranges from fairly hard to soft in hardness; the unweathered 
color varies from tan to gray and weathers tan -gray. Fossils 
identified in the limestone are: Brachiopods, Derbyia, Dictyo.. 
clostual Meekellaj Bryozoans, Fenestrellina, RhomboRora; crinold 
columnals and other unidentifiable fragments. It is difficult 
to determine the lateral variation of the Fort Riley limestone 
within the problem area since the limestone outcrops were only 
exposed in the southern edge of the area. The thickness of 
the limestone ranges from 27 to 34 feet. 
Doyle Shale Formation. The Doyle shale was named by 
Prosser (1902) from exposures along Doyle Creek southwest of 
Florence, Marion County Kansas. The Doyle shale was divided 
into three members by Condra and Upp (1931). The three mem 
bees are, in ascending order, Holmesville shale, Towanda lime. 
stone and the Gage shale. 
Holmesville Shale Mamber. Condra and Upp (19 av 
Holmesville shale its name from a type locality northwest 
of Holmesville, Gage County, Nebraska. The outcrops of the 
Holmesville shale are generally associated with those of the 
overlying Towanda limestone. Good exposures of the Holmes 
ville shale were observed in stream cute, quarry outs and road 
cute in the southwestern one -fourth of the problem area The 
Holmesville shale is predominantly shale with lenses of lime. 
stone in the middle and lower parte with the middle limestone 
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being characterized by "box work". The "box work" is the re- 
sult of differential weathering of the limestone and shales, 
Moore, et al. (1951). The shale is readily identified by the 
vari-colored gray-green and maroon zones. The unfossiliferous 
shales thickness is between 21 and 24 feet, with a thinning 
of the shale towards the north. 
Towanda Limestone Member. The Towanda liMestone was 
named by Moore (1920) from exposures near Towandar.,Butler 
County, Kansas. The Towanda limestone is the first hard, 
dense limestone to outcrop above the Fort Riley limestone. 
The limestone benches cap many of the hills in the southwest- 
ern portion of the problem area. The Towanda limestone is a 
hard, dense, limestone that weathers to fore blocks in the 
lower part and plates in the upper part with thin shale part- 
ings. The Towanda limestone is easily recognised by its 
thickness, orange to tan color, and outcrops. The non- 
foesiliferous Towanda increases in thickness to the south. 
The thickness for the Towanda limestone is between 14 and 17 
feet. 
Gage Shale Member. The Gage shale was named by Condre 
and Upp (1931) from exposures south of Wymore, Gage County, 
Nebraska. Exposures of this shale are seen along road cuts 
immediately below the outcropping Stovall limestone. The 
Gage shale is vari..00lored with maroon in the lower two-thirds 
and tan -gray to gray-green in the upper one-third. The fossils 
found in the Gage shale are present in the upper parts and are 
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the following: Brachiopods, perbvia Diotvoolostus, Meekella; 
Bryozoans, Polypora, Rhombopora, Stenopora; Pelecypods, Aviculo- 
peeten; and numerous fragments of crinoid oolumnals and echi.. 
noid spines. The thickness of the Gage is between 47 and 57 
feet with a thickening to the northwest. 
Winfield Limestone Formation. The Winfield limestone was 
named by Prosser (1897) for its exposures near Winfield, Cowley 
County, Kansas. Condra and Upp (1931) divided the Winfield 
limestone into the following three ascending members: the 
Stovall limestone. the Grant shale and the Cresswell limestone. 
Moore, at al. (1936) gave the name of Luta limestone to the 
uppermost bed of the Winfield limestone. Later Moore, et al. 
(19410 dropped the Luta as a separate stratigraphic unit and 
accepted the original definition by Condra and Upp. The Win- 
field limestone covers the larger portion of the mapped area. 
Stovall Limestone Member. Condra and Upp (1931) named 
the Stovall limestone from its exposures southeast of the 
Stovall elevator and seven mile:: southwest of Florence, Marion 
County, Kansas. The Stovall limestone outcrops are generally 
associated with those of the Cresawell limestone. The Stovall 
limestone is a dense, resistant limestone that weathers blocky. 
The gray to tan-gray limestone contains abundant chart nodules, 
usually iron stained. Fossils found in the Stovall limestone 
are: Brachiopods, Composite, Pictyoclostus; Bryozoans, 
Polypora; crinoid columnals and echinoid spines. The thickness 
is between 1.7 and 2 feet and increases toward the south. 
Grant Shale Member. 
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The Grant shale was named by Condra 
and Upp (1931) for its exposures in Grant Township, Marion 
County, Kansas. The outcrops of the Grant shale are invari- 
ably associated with those of the Cresswell limestone. The 
Grant shale is silty and calcareous, thin bedded to blocky, 
weathering tan-gray to tan. Fossils vary in abundance from 
one exposure to the next but generally it contains more fossils 
than any other shale in the area. The fossils found are: 
Brachiopods, Chonotes, Composite, Derbyia, Dictyoclostus; 
Bryozoans, Polypora, Rhombopore; Pelecypods, Aviculopecten, 
Allorisma; orinoid columnals and echinoid spines. Thickness 
is 11 to 12 feet with local thinning and thickening. 
Cresswell Limestone Member. Condra and Upp (1931) gave 
the Cresswell limestone its name from an outcrop on the east 
side of the Arkansas City golf course in Cresswell Township, 
Cowley County, Kansas. The Cresswell limestone is character- 
ized by the persistent basal massive limestone generally three 
feet in thickness. It is resistant to weathering and contains 
an abundance of fossil fragments, usually crinoid columnals 
. 
and echinoid spines. The Cresswell limestone is massive, hard, 
and weathers blocky in the lower part and blocky to platy in 
the upper part. Numerous sink holes occur in the Cresswell 
limestone when the upper part becomes porous and cavernous 
from percolating waters and the underlying Grant shale has been 
dissolved and carried away. Calcite-filled geodes are generally 
found associated with the porous zones. The thickness measured 
17 
was between 15 and 17 feet with local variations due to slump 
irk around sink holes. 
Odell Shale Formation. The Odell shale overlies the Cress- 
well limestone and underlies the Krider limestone. Condra and 
Upp (1931) gave the name of Odell shale to an outcrop southeast 
of Odell, Gage County, Nebraska. They (Condra and Upp) desig- 
nated the Odell shale as the basal member of the Enterprise 
formation but later Moore, et al. (1936) raised the Odell shale 
to the rank of a formation and this is now accepted. Odell 
outcrops in the mapped area are generally associated with those 
of the Nolans limestone formation. The shale is a vari-colored 
green to maroon in the lower part and gray to green in the upper 
part. The unfossiliferous shale shoos no lateral obenge In 
the problem area. The thictness varies between 15 and 21 feet. 
Halms Limestone Formation, The Nolane limestone was 
named for its exposure near the Nolans railway siding at Em- 
mons, Washington County, Kansan, by Moore, et al. (1936). 
The Nolans limestone formation is composed of three members 
which are, In ascending order; the Krider limestone, the Pad- 
dock shale and the Herington limestone. 
Krider Limestone Member, The Krider limestone member was 
named by Condra and Upp (1931) from the type locality south of 
Krider, Gage County, Nebraska. Condra and Upp included the 
Krider limestone as the middle member of the Enterprise forma 
tion. Moore, et al. (1936) included the Krider as the lower 
member of the Nol ane line ne 
outcrop a of the Krider are gen 
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h is now accepted. The 
associated with these of 
the Herington limestone. The Krider limestone is a soft, /Aug-. 
ary, gray to tan dolomitic limestone composed of two thin lime 
stone* generally one foot thick which are separated by a thin 
shale parting. Poesils found in the !Crider limestone are: 
PeIecypods AvLculopecten, Myalina, leurophorus and Pseudo. 
menotie. thickness measured in the mapped area varied 
between 1 and .6 feet, 
Paddock Shale Member, Condra and Upp (1931) named the 
Pa oak shale from exposures south of Krider, Paddock Township 
Gees County, Nebraska. They (Condra and Upp) named the Paddock 
shale as the top member of the Enterprise formation, which was 
later changed by Moore, et al, (1936) to the middle member of 
the Nolan, formation. The Paddock is a thin bedded to blocky, 
gray to olive drab shale that weathers to tan -gray and contains 
thin veins of calcite. The fossils present in this shale are: 
Pelecypods, Aviculopeaten, Mytilareas Bryosoens Craesimargin 
1 and Penestrellina. The measured thickness varied be. 
tween nine and eleven feet, and thiekened slightly to the n 
Herington Limestone Member. Betide (1909) nod the 
ington limestone for its exposures near Herington, Dickinson 
County, Kansas, and included it as a part of the Marion stage. 
Bass (1929) elevated the Herington limestone to the rank of a 
formation in the Sumner group and discarded the Marion stage. 
Later Moore, at al* (1936) defined the Herington limestone as 
19 
tho top membor of the Nolcn3 limeotone. Good outcrops of tie 
Herington were observed along road cuts in the mapped area. 
The nerington limestone is a soft, sugary, yollewl b. to to 
dolomitic limestone that weathers from blocky to platy. Fos- 
sils round in the Herington limestone are: Gastropods, 1m- 
tootyema, Pelecypods, Aviculopocten, Mlalina Illtilarea and 
Pseudomonotis. It was.difficult to determine the lateral 
variation within the mapped area as incomplete outcrops were 
measured. The thickness varied between three and six feet, 
Q.uaternary System 
leistocene, The Pleistocene Epoch is largely responsible 
for the present day landscape. It is likely that only the San- 
born formation that covers the divides can be considered Pleis- 
tocene in age. The alluvium of the valley slopes and bottoms 
were largely, if not wholly, redeposited from the divides dur- 
ing late Pleistocene and Recent times. The redeposition of 
the topographically higher Sanborn formations to the lower 
:ream, is still going on, the wind and surface waters being the 
chief agents of transportation. 
Sanborn Formation. The Sanborn formation is named for 
the loess in northwestern Cheyenne County, Kansas. The name 
is derived from Sanborn, Nebraska, a town adjacent to Chey- 
enne County, Kansas, The Sanborn formation is a reddish-gray 
to black silt and contains some clay, The basal part contains, 
usually, fragments of the local underlying rocks. The local 
20 
till knees raaGes from a few feet on som of the dtvides to 
foe in J is Ai See. 23, T. C S. R. 7. E 
Terrace Deposits. The terrace deposits are predominantly 
silt and fine sand-size particles. The terrace deposits are 
mapped along all major streams and tributaries throughout the 
problem area. The terrace deposits show good sorting and 
stratification and are believed to be stream deposited. 
IGNEOUS INTRUSIVES 
The exp:oaure located in the W4. N Sec. 6, T. 9 S., H. 
5 represents the only igneous rock in the mapped area. 
This igneous rock is known locally as the Bala Plug. This 
exposure is situated near the northwest oorner of the sect!. 
between a railroad and highway one and one-quarter miles east, 
of Bala, Aley County, Kansas. The physiographic expression 
of this intrusion is a small rounded knoll about 20 feet in 
height and 200 feet in diameter. A magnetic survey of the 
Bala intrusive with a vertical magnetometer indicates that the 
intrusive is an eastwardly-plunging vertical dike (Dreyer, 
1947). The intrusive cuts the Permian shales and limestones 
of the Winfield formation (Jewett, 1941). The contact between 
the igneous intrusion and the surrounding country rock is not 
exposed. The rock was described by Moore and Haynes (1920) as 
a serpentinized, carbonizedi porphyritic, peridotite breccia 
containing numerous shale xenoliths, and phenocrysts of altered 
olivine with some altered augite and biotite. 
STRUCTURE 
Regional Structures 
Two major regional structures that have affected the area 
of investigation are the Nemaha Anticline to the east and the 
Salina Basin to the west (Plate III). 
Nomaba An0,01140. The Nemaha anticline, r uplift, was 
recognized as an uplift of great length and the name 
was first used as a. structural term by Moore and Haynes 
(1917) . The Nemaha anticline (a truncated anticline that 
plunges to the south), is a major post -Mississippian element 
that extends from a point near Omaha, Nebraska, southward be- 
yond Oklahoma City, Oklahoma. The subsurface structure has 
been investigated by Lee (1956), Koons (1955) and Rieb (1954). 
The surface expression has been mapped by Ratoliff (1957). 
Salina Basin 
the North Kansas Basin 
the Forest City Basin 
ha articltne developed and divided 
the Salina Basin to the west and 
east during the Mississippian 
period. During post -Mississippian deformation several north- 
east trending structures were formed in the basin with the 
strikes approximately parallel to the Nemaha anticline. These 
structures are the Voshell anticline, the Abilene anticline 
and the Barneston anticline (Lee, 1956). The Salina Belau 
was formed both as a structural and topographic basin bordered 
on the west by the Central Kaasas Uplift, 
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Local Structures 
The local structures that have affected the area of in- 
vestigation are the Voshell Anticline, Abilene Anticline 
Barneston Anticline and the Irving Syncline (Plate III). 
V041 1. Antic/inc. The Voshell anticline is located in 
McPherson and Harvey counties. It is approximately parallel 
to the Nemaha anticline to the east and nearly in line with 
the Abilene anticline to the north. A reverse fault with a 
throw of 400 feet has been mapped by Bunts and Fortier (1941) 
on the west side of the anticlinal fold. It appears that 
the major structural uplift took place in post-Mississippian 
tine and minor movements followed until late or post-Permian 
time. It is believed that the Voshell anticline was formed 
contemporaneously with the forming of the Nemaha anticline. 
Darneston Anticline. The term Barneston anticline is 
applied to the northern extension of the Abilene anticline. 
It enters central Marshall County* Kansas, at the Kansas- 
Nebraska state line and extends on into southern Nebraska. 
Irvine; Syncline. The Irving syncline named by Condra 
and tpp (1931) is a synclinal fold east of the Barneston or 
Abilene anticline and west of the Table Book or Nemaha anti- 
cline in southern Marshall County, Kansas. The axis of the 
syncline is a short distance east of the Barneston anticline 
extending from the Riley..Marshall county line northward a 
short distance into Nebraska. 
EXPLANATION OF PLATE III 
Regional and local structures. 
1. Salina Basin 
2, Voshell Anticline 
3 Abilene Anticline 
4. Barneston Anticline 
5. Irving Syncline 
6. Nemaha Anticline 
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Abilene Anticline. The Abilene anticline has been ex- 
pressed by Lee, (1956) as being formed contemporaneously with 
the surrounding regional structures formed during and after 
the post-Mississippian period of deformation. The most recent 
movement is expressed in the surface Permian strata. With lit- 
tle well drilling activity, good subsurface control of the 
anticline is inadequate. Subsurface maps have been made with 
the data available by Koons (1955), Lee (1956), Nelson (1952) 
and 11101 (1954). These four persons have indicated that the 
structural trend of the Abilene anticline is nearly parallel 
to the Nemaha anticline to the east, trending northeast through 
Clay, Riley and Marshall counties in Kansas. Koons (1955) 
mapped a 400 foot displacement on the eastern edge of the 
Abilene anticline. This displacement disappears completely 
in southern Clay and northern Dickinson counties, Kansas. 
Bunte and Fortier (1941) mapped a 400 foot displacement on 
the western edge of the Voshell anticline in McPherson County 
and a decreasing displacement toward Dickinson-Clay counties. 
Koons (1955) indicated that the Abilene anticline is a type of 
hinge fault. Work by Nelson (1952) described the fault as be- 
ing normal with oblique slip movement. The strike slip element 
was minor and effected a clockwise rotation of the joint pat- 
tern of the area. Neff (1949) describes the causal stresses 
of the Abilene and Nemaha faults as the result of tension re- 
sulting from the subsidence of the basins to either side of the 
Nemaha anticline. 
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Abilene Anticline Surface Geolo7y The surface expres- 
sions of the area under Investigation axe governed by the 
trend of the Abilene anticline. The anticline axis strikes 
north 30 to 35 degrees east. The flanks dip 20 to 30 feet per 
mile to the west and BO to 90 feet per mile to the southeast 
of the axis. The surface structure to the west of the axis 
indicates a terrace type of structure while to the east of the 
axis a monoclinal structure is indicated, The change in dip 
is due to the drape effects of sediments over the Abilene 
anticline fault scarp. Local warping is observed in the Barns- 
ston and Winfield formations. The reverse faulting in the Stov- 
all limestone has been described by Neff (1949) as being due 
to compaction-sliding downward from the crest of the anticline. 
The slumping, due to sink-holes, in the Cresswell limestone has 
originatedrfrom recent erosion at the surface dissolving the 
underlying (rant shale; this is sufficient to form the sink- 
holes once an open system above a joint or fracture has de- 
veloped (Hooker, 1956). A definite thinning was observed in 
the Doyle shale formation over the crest of the anticline while 
a lesser thinning was noticed in the Odell formation. Two 
intermittent streams drain the area. These streams empty 
into the Timber Creek, a tributary of the Republican River 
southwest of the problem area. These two major intermittent 
streams follow the synclinal lows and are believed to be struc- 
turally controlled. 
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1011Eolaing The available subsurface data places the 
time of maximum displacement during the post-Mississippian 
pre Pennsylvanian time. Consequently, the folding along the 
crest of the Abilene anticline originated in post-Mississip. 
'dale time contemporaneously with the formation of the Nemaha 
anticline, Movements presumably continued along the fault 
zones unta. late Paleozoic era. Norma/ faults may have occurred 
at a time when the uppermost strata were still relatively un 
consolidated but the deeper strata were more brittle as the 
result of a greater degree of induration. Such a condition 
would explain wy the fault planes die out with height. 
DISCUSSION 
the pre- Mississi my the Ellis arch and the 
Chautauqua arch, were the two major structural provinces in 
Kansas. Later the *hitting of the Elliis arch to the *oath to 
form the Central Kansas Uplift and the Chautauqua arch to the 
north to form the Bourbon arch were the main structural changes 
in postQlississipptan time. Bunte and Fortier (1941) mapped a 
400 foot displaoement on the western side of the Voshell ant 
olins, Koons (1955) mapped a 400 foot displacement on the 
east side of the Abilene anticline. Neff (1949) stated that: 
A remarkable parallelism between the strikes 
of the joint planes and the fault planes of the 
normal faults in Riley County sumests that they 
are very closely related. It is thought that the 
joints were formed first and that at a somewhat 
later date vertical displacement took place along 
the joint pianos. 
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th this Zvi d.enee it la very likely that the Abilene 
anticline and the Voshell anticline are results of a hinge 
fault formed from the torsion effect from changing the loca- 
ions of the structures from pre- to post-Eississipplan time 
Further work should be done to establish the validity of the 
possible connection of the two anticlines,. 
CONCLUSION 
This investigation has determined that an e.sy mmetrical 
e exists in the problem area. It Le considered to be 
the axis f the Abilene anticline, a post -Mississippian defer 
mations paralleling the Nemaha anticline to the east, striking 
north 30 to 35 degrees east. There is no evidence of major 
movement during the Quaternary, as the sedianenta laid down 
during this period show no displacement The youngest rocks 
to be Bolded along the anticline belong to the Wolfcamp series 
of the Permian period The change in dips is considered to be 
due to the drape effect of the sediments over the fault scarp 
Good evidence of this is seen in the southeent corner of the 
problem area. The dip increases from 10 to 20 feet per mile 
to en average of 100 feet per nile. 
The anticline is present across the entire le t of the 
problem areas It trends from the northeastern corner to the 
southcentral boundary. 
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The following measured sections are from the Chase group, 
Wolfeamp series, Permian system, in Riley County, Kansas. 
(1) Nifi SWI Nvii* Sec. 23, T. 8 3., R. 4 E. 
Nolans limestone formation (19.4 feet exposed) 
Herington limestone member 
1.6 feet Limestone, dense; tan-yellow, weathers 
tan; massive, weathers porous; concen- 
tration of small Pelecypods, Pleurophorus. 
0.8 feet Limestone, dense; tan-yellow, weathers 
yellowish. 
1.3 feet Limestone, soft; gray, weathers buff; 
platy, weathers to shaly-limestone. 
1.2 feet Limestone, hard; gray-tan, weathers tan; 
massive, weathers blocky. 
1.2 feet Limestone, medium hard; tan-gray; massive, 
weathers blocky; Pelecypods, Avioulopecten, 
Mytilarca and Pseudomonotis. 
Paddock shale member 
11.2 feet Shale, silty, calcareous; gray-buff, 
weathers buff; blocky to thin bedded. 
Krider limestone member 
2.1 feet Limestone, dense; dolomitic texture; tan- 
gray, weathers tan; massive, weathers 
blocky; limonite stains; Pelecypods, 
Avioulopecten and Pleurophorus. 
Odell shale formation (incomplete) 
11.2 feet Shale, silty; gray-green upper, maroon 
lower; thin bedded. 
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(2) SE,1 SEI WI Sec. 23, T. 8 S., R, E. 
Winfield limestone formation (incomplete) 
Cresswell limestone member 
2,5 feet Limestone, medium hardness; gray-tan, 
weathers gray; massive, badly fractured; 
cauliflower geodes in lower zone. 
Grant shale member 
5.5 feet Shale, silty, calcareous; tan, weathers 
gray; blocky to thin bedded; fossils 
sparse. 
(3) NW-I NHS NIO Sec. 24. T. 8 S., R. 14 E. 
Uolans limestone formation (incomplete) 
Herington limestone member 
0.7 feet 
1.3 feet 
0.6 feet 
0,2 feet 
0.6 feet 
1.0 feet 
Limestone, dense; light buff, weathers 
tan; massive, weathers porous; reef 
like, concentration of small Peleaypods, 
Pleurophorus. 
Limestone, soft; gray, weathers buff; 
platy weathering to a shaly-limestone. 
Limestone, soft; gray, weathers buff; 
platy. 
Shale, silty, calcareous; yellowish-tan; 
thin bedded. 
Limestone, dense; buff gray; weathers 
blocky. 
Limestone, medium hard; tan-gray; massive, 
weathers blocky; limonite stained; 
Peleaypods, Myalina, Pleurophorus and 
Pseudomonotis. 
Paddock shale member 
8.9 feet Shale, silty, calcareous; gray-tan, 
weathers gray; thin bedded; calcareous 
seams at base. 
(4) SE SE Sec. 36, T. 8 S 
id limestone formation (ine 
Cresswell limestone member 
2,7 feet 
36 
Limestone, dense; gray-tan, weathers tan; 
massive, weathers blocky; iron stained; 
echinold spines; crinoid columnale. 
Grant shale member 
8.9 feet 
Covell 1 
14 feet 
Shale, silty, calcareous; tan-gray,. 
weathers gray; Brachiopods, Chonetes, 
Ber la, BiotToclostus; Bryosoans, 
Ipora; crinoid columnals; eehino d 
spines. 
tone member 
Limestone, hard tan, weathers tan-gray; 
massive, weathers blocky; abundant 
chart nodules; Brachiopods, Dietyoolostus. 
(5 ) 3W SW t s Sec. 7, T. 8 S. 5 E. 
Helens limestone formation (incomplete) 
Herington limestone member 
1.2 feet Limestone, medium bard; tangray; massive, 
weathers blocky; limonite stains; Pelecy- 
pods, Aviculopecte.R, Hyaline and Pseudo- 
monotfit. 
Paddock shele member 
5.6 feet lale silty, calcareous; gray- buff, 
weathers buff; thin bedded; Peleoppods, 
Aviculopeoten Crassimarginatella and 
Itytilarca; Br;ozoanos, Penestrillina 
(6) SE S s sec. 17, T. 8 S., B. 5 Be 
Helens limestone formation (incomplete) 
Her ngton limestone member 
1.5 feet Limestone, dense; tan-yellow, weathers 
tan; massive, weathers porous; concen0. 
tration of small Peleoypeds, Pleurophorus 
0.6 feet 
1.0 feet 
1.0 feet 
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Shale, silty, calcareous; tan-yellow 
weathers tan; thin bedded. 
Limestone, soft; gray to tan, weathers 
buff; platy. 
Limestone, medium hard; tan-buff, weathers 
blocky; Pelecypods, Myalina, Pleurophorua 
and Pseudomonotis. 
(7) SIO SE-4- S4 See. 18, T. 8 S. R. 5 E. 
Winfield limestone formation (incomplete) 
Cresswell limestone member 
1,0 feet 
100 feet 
0,2 feet 
1.0 feet 
Limestone, medium hard; gray-tan, weathers 
gray; massive, weathers platy. 
Limestone, dense; gray-tan, weathers 
gray; massive, weathers blocky. 
Shale, calcareous; gray; thin bedded, 
Limestone, hard; gray-tan, weathers gray; 
massive, weathers blocky; calcite geodes; 
iron stained; echinoid spines; orinoid 
columnals. 
Grant shale member 
4.3 feet Shale, silty, caloareous; gray, weathers 
light gray; blocky to thin bedded; Brach- 
iopods, Chonetea, Derbyia, Diotyoolostus; 
Bryozoans, Rhombopora; crinoid columnals; 
eohinoid spines. 
(8) NE I NWi- Sec. 1, T. 9 S., R. 4 E. 
Winfield limestone formation (incomplete) 
Cresswell limestone member 
1.1 feet Limestone, soft; light gray, weathers 
tan; platy. 
0.3 feet Shale, silty, calcareous; tan-gray. 
2.1 feet Limestone, hard, fine grained; gray, 
weathers tan; massive, weathers platy. 
2.6 feet 
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Limestone, hard, fine grained; gray, 
weathers gray-tan; massive, weathers 
blocky; limonite stains. 
Grant shale member 
10.9 feet Shale, silty, calcareous with clay; tan- 
gray, weathers tan; thin bedded; Braehio- 
pods, Derbla Dietyoolostus, Composite; 
Bryozoans, eneetrelline, Po1ypora, Rhombo- 
Low crinoid columnals; echinoid spines; 
Pelecypods, MYalina, and Avioulopeoten. 
Stovall limestone member 
1.6 feet Limestone, hard; gray, weathers tan-gray; 
massive, weathers blocky; chart nodules; 
Brachiopods, CompositaA Dietyoolostus; 
Bryozoans, Poly Vora; orineld columnals; 
echinoid spines. 
Doyle shale formation (incomplete) 
Gage shale member 
1.5 feet Shale, silty, calcareous; tan-gray, 
weathers tan; thin bedded to platy; 
Brachiopods, Derbyia, Dietyoolostus, 
Meekella; Bryozoans, Polypora, Rhombo- 
1221, stenopora; Pelecypeds, Aviculopeeten. 
(9) BW i NW Nei Sec. 1, T. 9 S., R. 1.. E. 
Winfield limestone formation (incomplete) 
Cresswell limestone member 
2.5 feet Limestone, finely crystalline; gray, 
weathers buff; platy; non,..fossiliferous. 
3.5 feet Limestone, finely crystalline; gray, 
weathers buff; echinoid spines and test 
plates. 
Grant shale member 
10.9 feet Shale, silty, calcareous; gray, weathers 
gray; thin bedded; Brachiopods, Chonetes, 
Derb ia, Dictyoolostus; Bryozoans, /eaypora, 
om opera; Felecypodi, Allorisma, AvIculo- 
pecten; orinoid columnals and echinoid 
spines. 
Stovall lime 
1.7 feet 
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Ile 
Limestone, hard; gray, weathers gray 
massive, weathers blocky; chart nodu 
Brachiopods, Diotyoolostua and Composite 
(10) 3W* SEi NW* 2, T. 9 3., R. 4 R. 
Doyle shale formation (incomplete) 
Towanda limestone member 
1.3 feet 
5 feet 
1.5 feet 
2.2 feet 
2,6 feet 
(11) SWI SW* 
Limestone, hard, dense 
weathers buff; massive, 
limonite stair t, 
Limestone; yellowish weathers light 
yellow to buff; very 
e, 
blocky; 
Limestone 
buff; pla 
buft to ligh, 
with intermi 
yellow, weathers 
tent shales. 
Limestone; dense; buff-orange, weathers 
buff; massive, weathers fractured. 
Limestone, medium hardness, light gray, 
weather. buff; massive, weathers blocky. 
11 T. 9 4 
Barneeton limestone format 
Fort Riley limestone member 
20.9 feet Limestone, covered, 
mom e ) 
7.2 feet Limestone, hard, dense; tan..gray, weathers 
dark gray; massive, weathers in large 
blocks; iron stains; alga oovered; Brecht. 
*pods, De a Die oolostus; good bench, 
locally rooks% 
0.9 feet Limestone 
Oketo shale member 
5.0 feet Shale, sil 
weathers gra 
Dictyoclostus 
tan -gray; platy. 
alcareous; gray-blue, 
thin bedded; Brachiopods, 
Composite, Meekella; Derbyia, 
L0 
Bryozoans, Fenestrellina, Polypora, 
Rhombopora; Gastropods, Bellerophon; 
Nlecypods, Aviculopecten and Myalina. 
(12) SEI NEI NEI Sec. 11, T. 9 S., R. 4 E. 
Doyle shale formation (incomplete) 
Towanda limestone member 
5.4 feet Limestone, hard; gray-orange, weathers 
gray-orange; massive, limonite stains; 
fractured in part. 
2.5 feet ' Limestone; buff-orange, weathers buff; 
platy with intermittent shale breaks. 
3.0 feet Limestone, hard, dense in part; buff - 
orange, weathers buff to light yellow; 
massive, weathers vuggy. 
1.5 feet Limestone, hard; tan-gray, weathers buff 
to yellow; weathers to blocky; very porous. 
1.5 feet Limestone, dense; light yellow, weathers 
buff; massive, weathers blocky. 
Holmesville shale member 
11.5 feet 
1.8 feet 
Shale, silty, calcareous; thin bedded; 
vari-colored, greens and maroons. 
Limestone, medium hard; olive drab, 
weathers tan -gray; massive, weathers 
vuggy. 
(13) SWI NWi SW* Sec. 12, T. 9 S., R. 4. E. 
Doyle shale formation (incomplete) 
Towanda limestone member 
1.8 feet Limestone, hard; buff, weathers light tan; 
massive, weathers blocky; limonite stains. 
Holmesville shale member 
11.3 feet Shale; upper yellowish green; middle and 
lower zones covered. 
1.9 feet 
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Limestone, medium hard; olive drab, 
weathers tan -gray; massive, weathers 
vuggy. 
(14) SE SE SW* Sec. 5, T. 9 S., R. 5 E. 
Nolans limestone formation (incomplete) 
Herington limestone member 
1.0 feet Limestone, hard; gray..orange, weathers 
gray; massive, weathers blocky; limonite 
stains. 
0.2 feet Shale, silty; buff. 
1.0 feet Limestone, dense; tan to gray, weathers 
gray; massive, weathers blocky. 
0.1 feet Shale, silty to clayey; gray to dark tan. 
0.7 feet Limestone, herd; tan to gray; weathers 
blocky. 
Paddock shale member 
9.5 feet Shale, clayey; gray to dark tan, weathers 
tan; thin bedded. 
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Fig. 1. Geologic Map of the =a1a Area Riley County, 
Kansas. 
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Fig. 2. Structure contour map on the base of the 
Cresswell limestone formation. 
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Fig. 3. Structure Cross-Sect on of the Bala Area Riley 
County, Kansas. 
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This investigation covers an area of 24 square miles. The 
small village of Bala, Riley County, Kansas, lies north of the 
southwest corner of the problem area. The crest of an anti- 
clinal structure crosses the area from the northeast corner to 
the south central boundary. This crest is believed to be the 
surface expression of the subsurface Abilene anticline. The rap- 
id change in dip in the southeastern corner of the area is evi- 
dence of subsurface faulting. 
Much of the Kansas geological literature has described the 
Abilene anticline as a subsurface ridge that parallels the Ne- 
maha anticline to the east. The Abilene anticline trends north- 
easterly through the counties of Clay, Riley and Marshall. 
Numerous geologists have briefly described the subsurface ex- 
pression of the Abilene anticline with the scanty information 
available. Several geologists have described the surrounding 
surface expression of the anticline. The purpose of this in- 
vestigation was to see if the supposed subsurface Abilene anti- 
cline is revealed on the surface. An area along the believed 
to be crest of the anticline was selected. After the selection 
of the problem area, the stratigraphy was identified, sections 
measured and the structure elevations were obtained with the 
alidade and plane table. These elevations were later checked 
with an altimeter. 
The outcropping rocks in the area are both sedimentary 
and igneous. The outcrops measured belong to the Chase group, 
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Wolfcampian series of the Permian system. The hills or divides 
are covered by unconsolidated Quaternary sediments. The 
igneous intrusion is believed to be Cretaceous age. 
The folding of the Abilene anticline originated in post- 
Mississippian time contemporaneous with the formation of the 
Nemaha anticline. Movements continued intermittently along the 
fault zones until the end of the Paleozoic era. There are no 
visible indications of movement later than the Paleozoic era. 
The change in dip within the lower Permian outcrops is 
considered to be the result of a draping of the rocks over the 
fault scarp and intermittent movements along this zone of weak- 
ness. The thinning of the shales is the result of compaction 
over the crest. The thrusting of Stovall is the result of 
pressure relief formed from valley erosion ajacent to the crest 
of the anticline. 
